© R^PUBUQUE FRANQA1SE ©M»dtp«biorton : 2 741907 

SNSTTSUT NATIONAL n— niw«i w po tel BO 

DE LA PROPRET6 INDUSTTUELLE _ 

©N'^r^.n^: 9514465 

PAWS 

@ tat CI* : E « 8 TIM, 17«, W14, 43/10, E 21 0 KM 



® 



DEMANDE DE BREVET D'lNVENTION 



A1 



@D«l»d»dip«:30.11.fi& 
@Prtorttt: 


©sr- 






© fevtntMirft) : LQQHTON JAMES * SALTEL JEAN 








(3) Lfct* tfM docunmfe ctoft* dm to report d* 
w mchMofM prion*** : G» d»i*r iSJi ** 










■(■>! 






afrv i REGIUBEAU. 



®PROCS)E ET ttW TAi I AH QH DE FORAOE ET DC CHEIBSAOE DUN PUTTS, NOTAIMBfT D*UN PUITB DE 
FOR^PETl^^ TWUUURM ABOUTC8 NTT1AUUIEKT •OUPLE9, ET 

DURCMiMtrTU 



< 

o 

CI 

AC 
LL. 



qui wtorin lEri Amnto ft to tmno^ 10 
pUoc tot prtformw or* am portcn <f«xir*nW ban 
dtanjn, qui p*rnnt rmbctamant nw noouwwntrt <ftM 
trifemM; twfcfmnt <fum frffeRNN iM *«» 
feu prtotebtanaftf fort, 4 torna M ^onponj (ttfh inpia, 

duft A to mm di It Mtfomb; pv Infroduxkn uMrtwm 
dim flukte tout pranton ft mnur di to prtfbmw on 
tout It ctowt di to* «n fwut contra h 5551*1 trou,ipt* 
qud onMj gnoM»topr*b«^^ 
Chambago doi puis do pHriM. 




•J 



niiiiiiii 



BEST AVAILABLE COPY 



2741907 



1 

PROCEDE ET INSTALLATION DE FORAGE EX DE CHEMISACE DUN 
PUTTS, NOTAMMENT DUN PUTTS DE FORAGE PETROLIER, At) 
MOYEN DE TRW^ONS TUBULAIRES ABOUTES IN1TIALEMENT 
SOUPLES, ET DURCIS IN SITU 

U presents invention concern un proc^pcwforer ctcbcon«ronpuii5, 
nn^tnm^t tin pHu A» fmg* pAraKef . an moveo d*un ensemble de troocom tubuJsircs 
- ou prtfonnes - pinilaijr*, initiilemenl soupfcs, spte* a tot replies loaptDdinalcroeiU 
war dkwntoe* pour toe tatrodufcttdiMkpd^ 

5 reffet d'une pmsioa intern pour prendre one forme cytiwfaique, et enfin a toe 
rigufiftces jnsitu par pcrymensattoo de lew parol, ! f encomUemcnl transversal d'une 
prtfome icptice tont de dimension maximal* *eo»Wemem iofeneure li ton diamctrc 
intern h Pecst depli£, el ksdiles preTcrmes pasaSdsnt une portion d'extremitf dont le 
diamtoe - spies depiiement - est Icjefemcai supencur a celui de la preTorme, ce qui 

10 pennetleur Jonction boot-a-bout par embotftenem. avese recouvitment de ladite portion 
d'extrtmi*. 

Ainri, en recourant a ce type de preTorme. qui est connue en soi 
• nocaatmeat par le document WOA-94/21887 - il cat possible d'obtcnir un encmisage 
d'trndttntoe constant surtoute Utonguenrdu putts. 
15 A oct egardL U corneal de rsppder qu'avec da chemisages (ou tubsga) 

tisdittoiincU constitues par des tubes en nder b on est dbhg* d'utiliser des troncpns 
te bd aiwn tflc tcopiqir i r I rfiintftrr decroissMl m ■*= — ****** da f ~>* A » r*- ce qui j*** 
des probtemcs d'instslfstion ct Sexploitation riteneurc du puits. 

L'objcctif de i invention est de proposer un proceVtt de forage ct de 
20 chemisafe du puis, a Psideck pctYonncs du type mention* ci-dessus, qui puis** toe 
mis en oeuvre de manihe siinptect raptd^ 4 raiblccoflt 

I-our cda, et confonndmem a llnvcation. on commence par mcttre en 
place unprennertronc^ 
trflttpon dtant sjumfic vers Is bus. 
25 Up-t>ce^aclc«ririvw 

a) on fait passer arialemcat, de haul cabas,* travets ledit troocpo, un 
dV fc«sA ^ on fc« stf -^tessous 

fcxmcetdepiofondeor adiptfrs prsiriwoir le troncon snivant ; 

b) on redrerouul de forage ; 

30 c) on introduit une preTorme, a Vim replie\ k Tiiiteneiir du puts en la 

fsisaattiaveisffte 
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35 



du trou, a portion d'extrtaitd haute venant se placer a rinterieur de la portion d'ex- 
tremiti dngie du trooooo ; 

d) on introdirit un cunent Auide an food du trou» autour de la portion 

d'extrAnit* basse de U prtforroc ; 

e) on introdmt un fluide sous paaaoo, de density supericurc a la deiuitf 

dudmenUna^ettt-deu^ piogresshreinetttde 

bas co haul* en rtfouUnt le dment, egalement de bas cn haul, autonr de la prtfonae, 

d la parol do trou \ 

Otoutcomai0^namUprtformetou»prc« 



10 pmipourlapotym^riser; 

l) le dment ayant pris, et la prtfonne ayant durd pour ooosa'tner un 

troncontobuiairerip^ 
gooflageetaUpdymaisatto 

b} on itffcre Topdradon pour ks troncooa «d vsots, jusou** obteair la 



Lorsqoe, comme ceia sera explique plus loin, la prtforme prntente dei 
reserves de rfsine aptes a migrer vers l'ext^rieur pour former des vctwi ■imulairw 
d»aai»^tf.lepoifooimeinem 

De manure parucuUfcrcmcnt mvmtagcuje, on utilise un outit de fortfe dn 

20 pwtrfpaa.apteajXCTperfacrt^ 

premier *at d'eucombreraeni minimal, luj permcttant de patacr a rufftieur du tronoon 

dtjaeo place, un •eoooddtat.dVncombieme*^ 

pinopdedutrw^ 

parue dulioudestiiifcarecevoi^^ 
25 Dawuniaodederfaufato 

a ta polymerisation de la prtforroc, ainst qu'ala distribution du anient, comprend une ttte 

i double valve pUcde en patio beaaedelapitfccme,^ 

fliiide de gonnaps hriiilBfk^ 

L'iD5tiIUdon de fora«c et dc chemisagc, qui fwt «g**ement pwtie de b 

30 praentomventfori,ierv^ 

qu^lecooiprend.cfitftiedefaats: 

. une bobine de stockage et de reception, a Vital enrouM. de ladite 



- use tfte aurplombam rentree du puita, apte a pennetnx le gmdage et 
ttalroducti^ 

du puts sins qu*au gonflage et iUpdym^rittttonde la prtfo 
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• des bobines de stodcage a I* etot eon5^dc lube$ m^tiJUqoe»ai3tiqiic. 
mcatdWonnablesaplesafate 

de cos tuba conteoant no dbtc servant a r alimentation de la preTorme ea courant 
Oectrique; 

. un geoeraieur dc courant flectrique. 

D'auues caxactenatiquea et avantages de rinventxon apparaltront de la 
description* dee denies annexes qui en representee, a simple litre cT eaxmptes bob 
liautalifsunmodedeimK 

Surcesdessiss: 

- let figure* 1 M soot des vues tcbematiques, en coupe axiale, rnontrant 
let afferent** e*tapes do Toperation de forage de la partie de pcits qui doit recmroir la 
preTonne ; % 

* la figure 5 est une vue scbematique d'unepieYcOTeetcteroatfllagedont 
eileestsclidaire^s^ixrisera 

. les figures 6 et 7 son des vues partieUes de rextremite basse de la 
preTonne, destine** a illustrer le priaripe de la double valve dont cat pourvue U tfite 
d*outillagc; 

. les figiw 8 4 15 Otostreat les diffft^ 
preTonne an bout d*ua troooon de)e eo place ; 

-la figure 16 rcprtscnte schtoauenjemcat. cn coupe axialc, un poits 

cfeemiae'r^tnautrooooa 

- la figure 17 cat une vue scbernatique rnoctrani les dlfferents maienels 

coastitubfsde Pinstallarion. situesco surface (tfce de puits) ; 

. les figures 18a30-accr^plm 
rinstaUation an com* des dtfTerentes f tapes dn c h r m nagc 

La figure 1 represent L'extremit* basse d'un puits vertical cn cours dc 
fay ^ de Trrrri-f r * p"**, tnttMnrJetemettt fort, cotnporte un cb r mi sa ge deja en 
place sous forme d*un tube cytindrtque rigkle 2 presentaot une portion d'extrernite* basse 
20elargle. 

UduunetrcDdecetJepertU 
d de la partie prindpele2.si bien ctTil est possible d'embotter les uns dans les autrea des 
troncocs 2, avec recoovrement des parties dVxtrenuri, 20. 

U trcacoa de chemisaajc 2eat 

quc20a 

Nous alloos maintenant decrire de quelle rnaniere va toe mis en place* a 
Paide du proce<ie* de rinvention, le troocoo nrivant, destine aetrc aboute* an troncoo % 
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four cda. comme Uhistrf aux figures 1 44, on commence par forcr on 
m» destind A rccevoir ce bongoa 

A cet effet oa utilise un outU de forage 1, du genre trypan, qui a la 
particularitf de pouvotr 6tre ximcti on dilatl radidcmeot, dans trots 6ats d'encom- 

5 brement dUT6rente. 

Dans un premier tot, illustrt a la figure 1. routil est rttiac* au maximum 
de idle manure que sa plus gmnde dimension transvexsale autorise son libra passage & 
i lartricur da troop*) 2, axidetncnt a traven cduUci 
Du oceeott. toaenoxnlaemetf 
10 De mamfce coonoe, l\wal dc focage 1 est fixi a TextrtoiCd d'uae tige 

mbulaiie 10, qd parte le inoteord'entrdncmcatC^ de Tounl en rotation, a 

les ofganes asswaat son denotement ou st coattacticamdiak. 

Comme on le vena plus loin, la dge 10 est mon*e a t'cxtx*mi* d'un tube 
mltdliqae apte a€tie enrod* sur un tambour rAxpteur dispose* cn surface, en t6te de 
IS puits. 

Dans on second aatded^oiementratfial, Ulustrt a la figure 2,1a partie 
coupante 12 de I* ontil possfede un duunfctiedctiaYafleenaibtemeut^kD. 

L'oulil ayanl &4 desendu axialeraeot dans le puits, a trmrets k cubage 2 
dejaea place, on provoque ce depJoiement redid au oiametre D kxtqu'tl est arriv* a 
20 rtofciwde la portion daigie 20l 

vantoo>ecemea«iiiiiefflu^par^ 1. 

On rtdiseainsik forage cTuatrouc^^ 
trooccn 2. d«s le frotonfjeneatde^^ 

La profondcur dc forage correspond a la longueur du troocoo que Ton 

25 soubdte raettre co place. 

L'ouUl 1 posride des orgaoes dc coupe additioonds ti qui peuvent ttre 
d^oy* radidemeot a on diamfcre supfcieur a D. afin de pouvrir reoevoir U portion 
<Urgiedutronc^inietiT»flnptaot 

Comn»iUustrf a la fi^ 

30 di» 1 ma« s isseinentdutio«3 

A tangta^4onad6dgn£parUrertencs30Upafda^ 

dutrou3,partorf««ioe31Upaiw^ 

basse du tiott, dent le dtamfcje D cat le rafiiwquccduideUpaitie3a 
La prffotme 4 represent* schteatiQueraentiUfigTO 
35 a^o^queci*edtotecndetaudanskW 
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Ndanmciss, die est ddpounw dans a partic bawd^imoiiaocobtumeur 
gouflable, du fait qu'on a affaire a un trou borgne ; de plus . la jrtforme 4 possede une 
portion d'extremiti basse 40 de section elaxgie, 

U prtforme 4 est supportee par uae bge tubulaire 5 ea acicr. ewouUUe 
5 fur un tambour de stuckage sun* en surface, el qui permet de la Take descend™ a 
rintetfeur du puits, et de hit fouroir les fltddes de ci mentation ct de gooflagc, ainsi que 
I'cnergte electrique poor la polymerisation de la preTonne, par rintcnne<iiaif© d'un 
dhpoaitif dc rBCfflMfirm** ******** *miAitt <mal) 50 titpamt a I'inteneurdc 
la preT onne et se raccordant en parte bassedeceUe^auneiaicdedbtribatkM51. 
10 Cctypedetir d^ierenrod^^ 

par le tennc anglais "COILED TUBING" - en abregt -CT." 

Commc ceU est demerit dsns le WOA-94/21887 d& cite, la prtforme est 
oboirtcawexlienu^hau^ 
bles etfou dccoupahiei en fin d'op&atioiL 
15 U lite distributrice 51 possede une double valve 52. 53. actionnabk 

«aecn vement (depcis la wrf aoc> 

Commc iliustre* aux ft gores 6 et 7, la valve 52 permet de distribuer un 

fltndede goinlar nrm^ 

diitnlwcruncunentni^ 
20 QMuittffluslrf a U figure* to 

V6m raoaakmeni reptie' - est descendue dans le trou 3 a*ialcment, duhant vers to baa, a 

trsvenktttM»9onnVchenttsage2de3^ 

BienennaidX pour que cedaoU 

brenxattransveiialdeUpreTonrc 
25 oVpiice t cnacofrcspo^ 

Lonwiw U preToniie est rej)tte 

"IT on en forme d'escargot - comae iliustre par exemple aux figures 6A et 63, 

rcapecu' vecaent du document WOA-94/25655 ; lorsqu'elle est depliee elle pcesente une 

section ctictuaire. 

30 Uprfonne4f^i)o«itionD©e dans le trou 3 deteUeinariew que sa portion 

d"extremi t* plus large 40 ae Crouve en regard de r elargtsaemcnt de puts 31 ;U longueur 
du trou 3 est dfterminee pour que, dans oette position. In portion aupeneure de la 
pftTonnesenuuve en regard del'e^ 

On precede alcn a rinjec^ 
35 preTorme, viala valve S3 (Heche* X figure 9). 

Udmcnt eat chotsi pour avoir uiie 
«ipeiieure-<fccelkdeU 
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L'anivcededinemalabasedeU 

haut 

Coma* illustr* a la figuie 10, on procMe ensute an gonflagc dc la 
preTonnc, en tnjectant un fluide sous pressiott a l*inte*rieur de cctte*cj r via la valve 52 
(ftechesl). 

Q s'agit soil d'un liquide introdutt dc I'ettctieiir (depuis la fee de puts) 
parkcooc*ut5danslapr^^ 
pdtsapompddanjUprtfOfme. 

Le liquide de goo/lage est avancageuseniciit choia pour avoir uacdcaii^ 
IcgkenKnlsuperieurcao^ 

gonflage va ae fair* program vemeot du be* vera ic haut, comme symbols* par les 
fttctoOaU figure la 

AdeYaviJapcogre$$k»dugoiiflagedubasvcnie hantpeuletoccntroiee 

en ptevoyant. le longdeia preTonnc. une aerie de bagucs de c«itenuon fungibles, dont 
15 icseuUderuratnrestadaptfac* 

Le cimatf est par consequent refoule fgakraeni de bai en ham contre la 
parotdu pnits, ccouiie symbc^ par ta Heche H, tandis que la bone 7 se trouvo chassee 
vers le haut 

De Terence le volume de ciroent penplieriqiie n'est pas sufTisact pour 
20 attelntelapartienaiitedBlap^^ liaison sans dmenl dans 

UwnedejonclkMenlrelcspc^ 

II). 

De pitf eraicen la |»^oimc 4 pc«se^ 
chaud, pose en sandwich enlre une peas ioteneure tX une peau exterieurc elastkrues, et 
25 mumc.cW inteneur, d*one reserve conienant de la resine aple a migrer vera lYxtencur 
pour former des bourrekts axmulaires favorisant r ancrage et 1 'fcaiicnfttf du tubage cootie 
to pefoidu putts. 

Une prcTonne de ce genre est decrite daiis Udenwnikdc brevet francais 
9408691 depoaeelc7iuiUet 1994 par la demandeiesse, et son extension interna- 
30 tHwateKHTFR 9500902. 

to venunaannulahes, xejan^ ic^Ule 
9 ; de preTereocc II est prcvu une dcnsit* pins grande de venous (e'est-a-dire un 
ecarteroentiiusfaafe 

mmnsere a assurer une bonne eWbelte dans La liaison bout-a-bout des different* 

35 



U chaiilTage et to ijolyine^ 
gonflagc termind. Uprcsslondcgc*Jtogc*ant pai ni enac arintfttenrde ta preTonne. 
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A utreiwlicauT>pres^ 15 tan. 

Le chaiiflage de la preTonne pcutse fail* soit en introdmswit un Guide 
chand 1 1 *jnieneur de 1 a nteTorme, soft par reaction damtoc cxcxbcnniQue, wit encore - 
de preference • par efTci Joule, ia moyeo de resistances clcctriques (fill chauflints) 
5 dispoaeadaostepafoideUprtfaro 
clectriq^depmsUltedepm^ 

Atilictodkalif>Utempe1ratOT 
de 110a i4CTQc*Udiiit«deceeec^ 

LoraquebpdyDeriial^ 
10 termii^e<cpielccin»«6af«t«pr»(ri^ 12). oo retire TootilUae 500. 50, 51 

(DetheK, figure 13). 

On iostalle alon un outil de coupe (501) a Pextierate* du art* 5. et on 
decoupe le maacboo d*ancaelt6 de 1 'extremity haute de la prt forme (polymerisee) 4* 
input 14). qu'on arracbe casuite. On opere de la racme maaicre poor le manchoa 
15 infdrieur. 

On obdetUalon im txmcm de Ghei^ 
tnetaletube^ precedent 2 (voir figure 15). 

L'op*i*tkm qui vicot d'etre decrite est biea sCr rfiterec, troocon spres 
croncon, afifl d'obwrir Uprofondeurdc puita chemise* soehsitec. 
20 DamtmiMded^f^lisatm 

composee a 30% de resiae epoxy ct a 70% de fibree de vene. cette tone ajant cue 
c*peis*eur de 1'ordre de 14mm ; tea peaux inteneare ct exttricsre, en caoutchouc 
lyn^tfqt^^t rt?y^ye«enttmee*paisieurde 2inm el dcccim environ. 

A thre indicatif , la portion principale de la prtforme 4 possede, k Vim 
75 depbe\imdiametreiij^^ 

184mm. tandisqoe la portion tlargie 40 powfcde nn dismetre mteiieur de rordre de 
188mm et an clsmctrc edtfriewderrnvkede 236mm. 

Lea portions 30-32 ct 31 dn puiis ont dea diainetieanicyensdercfdrede 

197mm et de 244,5mm, lespectivemcat. 
30 UilonguewdadWen^tioncora 

smipte title indicatif, m lomjoe^ 

La figure 16 lepresente on puits ? chemise* par un ensemble de tzoia 
tn»ccm2A.2Bct2Cibo«aetcmientei. 

U figure 17ref**cnteechemari^ 
35 quipermetde mcttrc caecum le pnica Waelc arim^eiiiioa 

Sur cztm figiire> ttte de puits. ^ 
me^allique (chassis) 100 entrjurantla tern de puits. 
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Cede structure 100 pone un iojtctcur 101 pourvti d'un sab* d'apoui 102, 
etienriiui supporter ctkpsiis^ 
lepuitsouretiresdecelw^^ 

On a design* par la inference 54 on tambour dc stodagc sur tequd est 

cnroulee to preTorme;^ 

UttfAen«540dengneims^ 
iPentreeddptdts. 

Lesitferaxa 56 et 57 design^ 
et stocks icspeatomeot let tubes ^T."(CoikdTubittf 560ct5. 

Lb tube 360 pert* supporter et 4 dcplsccr routil de forage ; le tube 5 
(coaunc deja <fit) sett a supporter la preTorme, a amener les fluides de goriflage et de 
cioeulitionitaFeTot^ 
pclyinemanon). 

L'flectricifc est fouroie par un generator elcctrique 53. 

UreTemiceS^deBgDeunecabinedecoo 

De marderc classique, ]>ntree du putts a forer est id tiaJeroent ganrie d'ttn 

cuvetage550. 

U trepan lest adapts iTextitmtf 

tamboorr**plew56.su^ 101 

(voir figure 18). ^ 

On precede alors au forage du trou, de Forme &agec 3 , destine a rccevoir 

potymeiisatioa insitu dcceUe-o, vtouncondiiaeiircleciri^ gtoerateur58. 
onietiiekcooduticei^ 

54 (vide) sur bquelk 6ait iniialemeat itockee la preTorme (figure 20). 
UpreToraiesetrouwabou^ 

On deTait easuite les connexions bydraulique et electriquc avec la 
prtfonne, on installe et on scellc de maniere Aanche autaur dc la tete d* pints un 

appajctflagedese^t*^ 

A Kaide de Pouttl de coupe 501. porte par te tube 5. on decoupe les 

maacboos d'toncbelte* bant et bas (figure 22). 

LVtapeswvaate consisted 
aagtf 3 proloogeani 1c trooeon 2 (figure 23). 

Ens»te,oncalibretediametM 
du trou 3. a raide d'un toatrument approprtt 1000 (figure 24). 

On met en place une nouvdle preTorme (figure 25). 
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Ctalaf»t<JexrndredMal£puife,cttt 
le trou 3. On la connecte au tube 5, el on precede au goofUge, k la dmcafctkm, eta la 
rx*yraen«atk» (figure 26). 

On retire le cooduit central 50. qu'on remonte et qu'an earoule aur le 
tambour ftoptew 54 (fisurea 27 ct 28). 

Od auspeod I'outilde coupe 501 au tube5.etool« toee^poiirde<x)upa 
lea manchons d'extremitf (figure 29). 

On obtient ainri deux tnmgooe rigktoaboiilea2A.2B (figure 30). 
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1. Proc^pourforcrctchcmijcrunpaits, notarament iinputode focage 
p^trolier, au moyen d*ua ensemble dc trongoo* tubtdaires - oa preTormes - siniilaires, 
imtialement aouptee, aptes a tee reptiecs loogitucfiaakment sur elles-mfaes pour toe 
introdaies dim le puils, pub * ttre deplieea ndUlemcnt sous Pcflct d'une pression 
5 wienie poiir prendre inie faro 

talion dc leur ptxot, reacombremeat transversal d'nae prtfonne reptiea Itant dc 
dimension maarimatc scasiblemcni inf erieare 1 son diam&re interne a Peat deptid, el 
ksdites pftTonnes (4) poesedant one portion d'extremite* (40) doot le diametre - epres 
dcptieaxni-mlegeraDC^ 
10 jonction boot-i-bout pax enibofteraenl avec recouvrement de ladite portion d'extremitf 
<40),cs*a€tense , pe*tefaitqu* 

Penirce do pain, sm portion d'extrtraite* elargie (40) townee vets le baa, 

a) on fail passer ajrialement, de haul en baa a travers lcdil trooyon (2) . un 
outil do forage (1)> et on foce au-dessous et dsns le protongexnent de oe troopm (2) on 

15 briu(3)defGfixiee<deprofondeuradap^ 

b) on retire Poutildcfoiage(l); 

c) on intromit una praTormc (4). a Petal ieptie\ * llntexieur du pcits en In 
faisanl Havener le troocpn (2) deja en place, et on la positionne couvenaWanent a 
Pinterieurdn trou (3), sa portion d'exlrfmite* haste veaant so placer* rinterieuroe U 

20 poniQndVttrenu*^ 

d) on innodnit tm ctment fluid* (6) au fond du iron (3). autour de la 
portion d'extremit* basse de la preTonne ; 

e) on tatroduit un fluide sous pression (8)» de densite* superieure a la 
derate du anient (6), k Pinteneur de la preTonne (4) afin de la deplier r adta l em ent , 

25 pcogicssivcinefrtdebesen 

de la preTonne, centre In paroi du trou (3) ; 

Q lout en msintenant la preTonne sous pression interne, on en caanfTe la 
paroi pour lapoJymemer ; 

g) le ctment ayant pris, ct la preTonne ayant dura pour constituer un 
SO tra^tubuUirerigxfedcd autillagcs ayant aexvi 

augonnageetampolyniensnti^ 

h) on nfitere Toperation pour tea troncons sui rants, jmqu'a obtenfr la 
longueur de puits chemise* souhaitee. 

i.ProcAfcsdco reveodication 1, caracterisd par le fait qa'on utilise un 
35 oimldc forage (l)du genre tre^ 
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radial e, a savtir un premier &at d'encombtement minimal, lui pcnnctunl dc passer a 
1 'intirieur da troogon (2) deji en place, un aecond tot, d'encombnsnent iniennAliairc, 
pour k rorage de la partae pcioctpale (30)dutrou(3)etun troisi erae &*K d*enoombcemcnt 
maximal pour Kc forage deli parte (31) dui£OuQ)deriti6tkttc&<*rUp(XlmG*rfa 

5 delaprtfonae(4). 

3 v PlDoWaelonUt«voidkalk« 1 cjm 2, caractdria^ par le fait <juc ledit 
outOlage oompmd une tele (51) a double valve (52. 53) ptacee en partie basse de U 
pttfeme (4), etafieadislriti^ 
p(tfcnne(4}*tmdmeittB 

10 4.totallationdefoiaeeei* 
pcoc«£ aeton 1^ del iwadsca^ 
t&edupuits: 

- une bobine (54) de stockage et de rtceptioo, a I'etot emoule, de tadiie 

preforms (4); 

15 -unette (101) surplombaat 1'catrfe (55) du puits, apie a permeore le 

guidage et rinuudnctioo dans le puts de la prtfonne (4) et des different* outiilages 
serv ant an foa y dn putts ainai qa'an gonflaga et a U polymerisation de ia preToroe ; 

- des tofaines (56, 57) de stockage a 1'eial earoutt de tubes mAailiques 
clastiqoemcnt dtfonttabies (56P, 5) aptes a faire desceadre et letnonter leadits ontiilages 

20 dans k puits, fun (5) de cea tubes eontenant un dole servant a Ixlirnentation de la 
pftfonne en ooumt flectrique ; 

- ua gtofratcur Oc oourant deciriquc (59). 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 

57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 
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1 

PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections— or preforms— that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which— after unfolding— is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 

three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

dolled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
10 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
15 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow Fj in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/21887 cited above. 



2741907 



However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 5 1 . 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to— even slightly greater than — 
that of the liquid mud 7 found in the well. 



2741907 



6 

When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 5 1 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4' (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 1 88 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2 A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 

5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 

extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 

sleeves (figure 29). 

Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 
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CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections — or preforms — that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure m order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which — after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
1 5 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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